Background {#sec1-1}
==========

Malnutrition, in all its forms, is a public health problem of epidemic proportions.\[[@ref1]\] Globally, every year, nearly 3 million malnutrition associated deaths are reported in the under-5 age group.\[[@ref2]\] In addition to direct causes such as inadequate dietary intake, lack of exclusive breastfeeding, respiratory and gastrointestinal infections, indirect factors such as food insecurity, presence of morbidity among parents, and poor environmental conditions especially overcrowding, lack of sanitation and poor purchasing power are detrimental to the healthy growth of the child thereby predisposing them to chronic morbidity and at times culminating in mortality.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8]\] Despite the marked improvement in health and living conditions, India is still way behind in achieving the target for child mortality; the failure to address malnutrition being negatively conducive to the same.\[[@ref9]\]

Combating child malnutrition is of great public health importance to the future economic development and social well-being of countries. It is essential to know the causes and risk factors of child malnutrition to deal with the problem of child malnutrition adequately. The prevalence of malnutrition in India and various parts of India is relatively well documented, but there is very minimal information for risk factors of severe acute malnutrition (SAM). So far, there have been many hospital-based studies conducted to determine the risk factors for SAM. The present study was designed to identify risk factors and determinants of SAM among children aged between 6 and 59 months living in both rural and urban slum areas of Vellore district, Tamil Nadu.

Material and Methods {#sec1-2}
====================

A community-based case-control study was carried out in urban and rural areas of Vellore, Tamil Nadu, Southern India among children aged between 6 and 59 months. According to the 2011 census, the population of children with under-5 years of age was 10,742 in Vellore city (urban) and 11,555 in Kaniyambadi block (rural). The cases and controls were defined as per the World Health Organization (WHO) Multicentric Growth Reference Study (MGRS) Criteria 2006.\[[@ref10]\] Children with SAM, that is, weight for height z-score of less than −3SD with or without nutritional edema were considered as cases. Children with weight-for-height z-score more than -1SD and mid-upper arm circumference (MUAC) ≥13.5 cm were considered as controls.

Assuming an odds ratio of 3 for SAM among children who were not exclusively breastfed from birth to 6 months of age\[[@ref11]\] and proportion of exclusive breastfeeding among under-5 children of 40%,\[[@ref12]\] the sample size was estimated as 54 cases and 108 controls.

A baseline survey was undertaken by the Department of Community Health, Christian Medical College, Vellore as part of a clinical trial to evaluate the efficacy of three feeding regimens (locally prepared ready-to-use therapeutic food \[RUTF-L\], commercially available RUTF \[RUTF-C\], and augmented home-prepared foods \[AHPF\]), on the recovery of children from uncomplicated SAM, in Vellore.\[[@ref13]\] Briefly, children with MUAC \< 13 cm in the age group 6--59 months were identified in the community and were referred to the study clinic for anthropometric measurements and further screening. The Z scores of weight for height were calculated using the WHO Anthro software.\[[@ref14]\] Children with Z score less than −3SD were classified as cases of SAM, following which a home visit was done by a medical officer and trained field workers on the same day, to document existing risk factors, before the initiation of feeding interventions.

Selection of controls {#sec2-1}
---------------------

For each identified case, two controls matched for age (±2 months), gender and locality, were recruited within the following 2 weeks.

The independent variables assessed were gender and age-specific anthropometric z-scores of weight-for-height (WHZ). Based on the literature review, this study incorporated five domains affecting a child\'s nutritional status, namely demography, child\'s birth details, morbidity, diet, and parental related risk factors.

A semi-structured interviewer-administered questionnaire was used to assess the various demography and parental related risk factors. Review of hospital records and road to health cards were done to collect information on birth-related characteristics such as birth weight, gestational age, past medical history and associated morbidity, and history of hospitalization in the last six months for any reason.

The dietary intake of the child was assessed using a 24-h dietary recall questionnaire. Standard cups, glasses, ladles, spoons, and paper disks were used to determine the amount of food consumed by the children. Then the nutrients present in the raw ingredients were calculated using the database of "Nutritive Value of Indian Foods" had given by the National Institute of Nutrition (NIN).\[[@ref15]\] The nutrients from the ready-made foods like biscuits and other packaged food items were calculated from the information given by the manufacturers.

The mother\'s nutritional knowledge was assessed by seven simple questions (scored out of 10) that involved three domains, namely breastfeeding, weaning, and nutrition. History of chronic illnesses such as tuberculosis, HIV, and cancer of the parents were also documented.

Electronic weighing scales were used to measure the weight. Children were weighed twice wearing vests and bloomers. The average of the two readings was taken. Heights were measured using the stadiometer/height board, whereas children younger than 2 years were measured using infant-o-meter. MUAC was measured using the inch tape. Weight was measured to the nearest 0.1 kg, height to the nearest 0.1 cm, and MUAC measured to 2 mm precision.

The questionnaire was translated to Tamil (local language) and then translated back into English to ensure accuracy. Signed informed consent was obtained from the mother/primary caregiver of the child. Confidentiality of the information collected from the respondents strictly adhered. During the period of data collection, a child (cases and controls) who was found to be suffering from an acute illness was referred to the secondary-level hospital (CHAD hospital, Vellore) for further management.

Statistical analyses were performed using the IBM Statistical Program for Social Sciences (SPSS) version 20. The z-score value of WHZ was computed using the WHO Anthro (version 3.2.2, 2011). Descriptive analyses were done to compare the socioeconomic characteristics, child\'s dietary intake, and caregiver variables between cases and controls. Mean, and the standard deviation was reported for normally distributed continuous variables. Categorical variables were reported as proportions. A Chi-square test was performed to elicit associations between SAM and risk factors. Crude and adjusted odds ratios (OR) with 95% confidence intervals (CI) were determined for potential risk factors. *P* values less than 0.05 were considered statistically significant.

Ethical standards disclosure {#sec2-2}
----------------------------

Ethical clearance was obtained from the IRB and ethics committee (IRB min no.: 8153), Christian Medical College, Vellore, India. Written informed consent was obtained from mothers in the local language (Tamil) or in the language in which they are comfortable (English/Hindi) before administering the questionnaire.

Results {#sec1-3}
=======

A total of 160 participants were recruited into the study, including 54 cases and 106 controls. The sociodemographic characteristics of the study population were described in [Table 1](#T1){ref-type="table"}. Of the 54 cases and 106 controls, 39% of children were between the age group of 12--23 months in both cases and controls, and 27.8% of cases and 22.6% of controls were in the age group of 24--35 months. The mean age was 24 months in both cases and controls (cases: 24.35 ± 12.9, control: 24.24 ± 12.7). There was no difference in the mother\'s age at the time of the birth of the index child among both the cases and controls (*P* = 0.105).

###### 

Demographic characteristics of the study population

  Category                           Cases *n*=54 (%)     Controls *n*=106 (%)   
  ---------------------------------- -------------------- ---------------------- ------------
  Gender                             Male                 26 (48.1%)             51 (48.1%)
  Female                             28 (51.9%)           55 (51.9%)             
  Residence                          Urban                39 (72.2%)             81 (76.4%)
  Rural                              15 (27.8%)           25 (23.6%)             
  Type of house                      Huts                 7 (13%)                6 (5.6%)
  Mixed                              7 (13%)              47 (44.3%)             
  Pucca                              36 (66.7%)           51 (48.1%)             
  Mansion                            4 (7.4%)             2 (1.9%)               
  Type of family                     Nuclear              25 (46.3%)             61 (57.5%)
  Joint                              14 (25.9%)           39 (36.8%)             
  Extended                           15 (27.8%)           6 (5.7%)               
  Religion                           Hindu                37 (68.5%)             90 (84.9%)
  Christian                          8 (14.8%)            0                      
  Muslims                            9 (16.7%)            15 (15.1%)             
  SES\* (BG Prasad's)                I (high)             1 (1.9%)               5 (4.7%)
  II                                 3 (5.6%)             11 (10.4%)             
  III                                15 (27.8%)           37 (34.9%)             
  IV                                 23 (42.6%)           45 (42.5%)             
  V (low)                            12 (22.2%)           8 (7.5%)               
  Fathers occupation                 Unemployed           1 (1.9%)               0
  Unskilled/semi-skilled             25 (46.3%)           54 (51%)               
  Skilled                            14 (25.9%)           27 (25.5%)             
  Clerical/shop owners               10 (18.5%)           13 (12.3%)             
  Semi-professionals/Professionals   4 (7.4%)             12 (11.3%)             
  Mothers' occupation                House wife           46 (85.2%)             96 (90.6%)
  Working mothers                    8 (14.8%)            10 (9.4%)              
  Fathers' education                 Illiterate/Primary   16 (29.7%)             23 (21.7%)
  Middle                             12 (22.2%)           28 (26.4%)             
  High school                        18 (33.3%)           28 (26.4%)             
  High secondary and more            8 (14.9%)            27 (25.4%)             
  Mothers' education                 Illiterate/Primary   16 (29.7%)             28 (26.4%)
  Middle                             14 (25.9%)           24 (22.6%)             
  High school                        13 (24.1%)           30 (28.3%)             
  High secondary and more            11 (20.5%)           24 (22.7%)             
  Family size                        4 and more           4 (7.4%)               6 (5.7%)

\*SES: Socioeconomic Status

The mean birth weight among cases and controls was 2.37 kg (±0.548) and 3.02 kg (±0.537), respectively. Institutional delivery was documented among the majority of the cases (96.3%) and controls (99.1%). With respect to gestational age at birth, 16.7% of cases and 6.6% of control children were born preterm (*P* \< 0.05). Exclusive breastfeeding for six months was practiced by 55.6% of cases and 88.7% of the controls (*P* \< 0.05). The mean duration of breastfeeding among the cases and controls was 12(±7.2) and 15.23(±7.6) months, respectively. Routine immunization was documented in 81.5% of cases and 94.3% of controls.

Among the 160 children studied, 50% of cases and 66% of controls were in the normal height for age cutoff points, that is, HAZ \>-2 to 3 SD. Among cases, 27.8% were stunted, and 18.5% were severely stunted (HAZ \<−3). Among controls, 13.2% were stunted, and another 13.2% were severely stunted. As per the case definition, all children in the cases had WHZ scores below -- 3 SD. Among controls, 81.1% of the children had WHZ ≥1 SD. Few children in the control group (14.2%) had a "possible risk of being overweight" (WHZ \>1 to ≤2 SD), 4.7% of controls were overweight (WHZ \>2 to ≤3 SD), and none were obese (WHZ \>3 SD).

[Table 2](#T2){ref-type="table"} describes the various risk factors for SAM. In the demographic domain, only religion showed a statistically significant association with SAM. With regard to birth and infancy related factors, low birth weight, incomplete immunization, presence of congenital anomalies, and parents\' having more than one child emerged as significant risk factors for SAM. The presence of current medical illness and hospitalization were also contributory risk factors for SAM. SAM was found to be more prevalent among those who were not exclusively breastfed and those with inadequate calorie and protein intake. In the domain of family health and dynamics, SAM was found to be associated with the presence of chronic illness in the mother, underweight mothers (BMI \< 18.5), poor knowledge of nutrition among mothers, history of smoking tobacco, and history of alcohol consumption among fathers, and history of child\'s contact with tuberculosis.

###### 

Risk factors associated with SAM

  Category                                  Case *n*=54 *n* (%)    Control *n*=106 *n* (%)   OR (95% CI)   AOR (95% CI)        *P*                 
  ----------------------------------------- ---------------------- ------------------------- ------------- ------------------- ------------------- -----------
  Demography-related risk factors:                                                                                                                 
  Religion-                                 Hindu                  37 (68.5%)                90 (84.9%)    0.39 (0.18-0.85)    0.54 (0.14-2.1)     0.374
  Others                                    17 (31.5%)             16 (15.1%)                                                                      
  SES (BG Prasad)                           Low                    35 (64.8%)                53 (50%)      1.84 (0.94-3.62)    1.31 (0.48-3.58)    0.603
  High                                      19 (35.2%)             53 (50%)                                                                        
  Child's birth-related risk factors:                                                                                                              
  Birth weight                              \<2.5 Kg               27 (50%)                  9 (8.5%)      10.8 (4.53-25.64)   8.95 (2.98-26.85)   \<0.001\*
  ≥2.5 Kg                                   27 (50%)               97 (1.5%)                                                                       
  Congenital disorder                       Present                7 (13%)                   2 (1.9%)      7.75 (1.55-38.7)    0.89 (0.08-10.07)   0.928
  Absent                                    47 (87%)               104 (98.1%)                                                                     
  Being single child                        yes                    11 (20.4%)                46 (43.4%)    0.33 (0.16-0.72)    0.58 (0.18-1.81)    0.347
  No                                        43 (79.6%)             60 (56.6%)                                                                      
  Child's morbidity-related risk factors:                                                                                                          
  Current Medical illnesses                 Present                11 (20.4%)                4 (3.8%)      6.52 (1.97-21.6)    3.70 (0.57-23.94)   0.169
  Absent                                    43 (79.6%)             102 (96.2%)                                                                     
  Hospitalization in last 1 year            Present                11 (20.4%)                7 (6.6%)      3.62 (1.31-9.96)    0.84 (0.16-4.56)    0.841
  Absent                                    43 (79.6%)             99 (93.4%)                                                                      
  Immunization                              Incomplete             10 (18.5%)                6 (5.7%)      3.79 (1.3-11.07)    1.32 (0.24-7.2)     0.747
  Complete                                  44 (81.5%)             100 (94.3%)                                                                     
  Child's diet-related risk factors                                                                                                                
  Exclusively breastfed                     No                     24 (44.4%)                12 (11.3%)    6.27 (2.8-14.02)    4.67 (1.72-12.65)   0.002\*
  Yes                                       30 (55.6%)             94 (88.7%)                                                                      
  Calorie intake                            Inadequate             38 (70.4%)                26 (24.5%)    7.31 (3.51-15.21)   8.093 (3.15-0.82)   \<0.001\*
  Adequate                                  16 (29.6%)             80 (75.5%)                                                                      
  Parental-related risk factors:                                                                                                                   
  Household TB contact                      Present                7 (13%)                   2 (1.9%)      7.75 (1.55-38.7)    1.01 (0.13-7.66)    0.995
  Absent                                    47 (87%)               104 (98.1%)                                                                     
  Mother's BMI in kg/m^2^                   Underweight (\<18.5)   13 (24.1%)                8 (7.5%)      3.88 (1.5-10.08)    6.87 (1.92-24.55)   0.003\*
  Others                                    41 (75.9%)             98 (92.5%)                                                                      
  Mother's nutritional knowledge            Poor                   47 (92.2%)                74 (74.7)     3.97 (1.3-12.13)    1.8 (0.47-6.93)     0.393
  Good                                      7 (12.97%)             32 (30.2%)                                                                      
  Father smokes                             Yes                    27 (50%)                  35 (33%)      2.03 (1.04-3.96)    1.02 (0.33-3.12)    0.979
  No                                        27 (50%)               71 (67%)                                                                        
  Father Alcohol Consumption                Present                30 (55.6%)                41 (38.7%)    1.98 (1.02-3.85)    1.3 (0.41-4.13)     0.659
  Absent                                    24 (44.4%)             65 (61.3%)                                                                      

\*Statistically significant. OR: odds ratio; AOR: adjusted odds ratio; SES: socioeconomic status; TB: tuberculosis; BMI: body mass index

Multiple logistic regression was performed, and the adjusted OR with the *P* value was calculated. Birth weight less than 2.5 kg, absence of exclusive breastfeeding for six months, inadequate calorie intake and mother\'s BMI less than 18.5 kg/m^2^ were identified as risk factors for SAM. Those variables which were found to be significant in the bivariate analysis, such as religion, inadequate protein intake, fathers\' habit of smoking tobacco and alcohol consumption, presence of chronic illness among mothers, mothers\' poor knowledge on nutrition (score ≤4), and history of contact with tuberculosis were found to be statistically nonsignificant when the model was adjusted for confounders.

Discussion {#sec1-4}
==========

According to National Family Health Survey (NFHS) III data on chronic childhood malnutrition,\[[@ref16]\] low birth weight (LBW) was found to be a major determinant of SAM, as was also observed in this study. The birth weight is affected by many socioeconomic factors such as being rural or urban, wealth, caste, religion, education, and tobacco use by mother.\[[@ref16]\] Similar studies conducted in different countries also showed a strong association between malnutrition and LBW.\[[@ref17][@ref18][@ref19][@ref20]\] A study done in Ghana showed that preterm babies were prone to develop malnutrition in later life.\[[@ref19]\] This study did not find any significant association between prematurity and the child\'s nutritional status. This might be due to high early neonatal death among preterm babies\[[@ref21]\] or improvement of nursery care over the years after the introduction of the National Rural Health Mission (NRHM) Programme in India.\[[@ref22]\]

Nutritional experts advise exclusive breastfeeding for the first 6 months of life.\[[@ref23]\] According to the Hungama survey, in India, only 40% of the children were exclusively breastfed for the first 6 months of age.\[[@ref12]\] The current study has pointed out the absence of exclusive breastfeeding until six months of age as a risk factor for SAM. The odds of being malnourished were four times higher among those who were not exclusively breastfed until 6 months of age. Similar findings were noted in the study done in the Democratic Republic of Congo (DRC)\[[@ref20]\] and many parts of rural India.\[[@ref24][@ref25][@ref26]\] The dietary calorie intake of cases was inadequate as compared to controls based on the recommended daily allowance (RDA). Poor calorie intake has emerged as a significant risk factor for child malnutrition in this study. This may be primarily due to the non-availability of food and faulty feeding practices among the cases. However, no statistically significant association was noted between protein intake and child malnutrition. Our study findings were similar to the results observed in a study done in DRC.\[[@ref20]\] According to a survey done in Somalia, Mothers of malnourished children had poor knowledge regarding breastfeeding and complementary feeds.\[[@ref27]\] However, in our study, we did not find any statistical association between SAM and mothers\' nutritional knowledge.

Malnourished women tend to give birth to an LBW child who will probably develop protein-energy malnutrition.\[[@ref28]\] The current study has shown a statistically significant association low BMI of the mothers\' (\<18.5) and SAM. This has been corroborated by the findings from NFHS III\[[@ref29]\] and a study done in Mao, Chad.\[[@ref30]\] The association between mothers\' chronic disease status, fathers\' habits like smoking tobacco and alcohol consumption) and SAM was not statistically significant. However, studies done elsewhere have shown a significant association between the presence of smoking among fathers and child malnutrition.\[[@ref31]\]

The literacy status of the parents did not emerge as a significant risk factor for malnutrition in this study. Other studies in different parts of India showed a strong association between maternal education and poor nutrition among children.\[[@ref12][@ref32]\] No statistically significant association was noted between the mother\'s occupation and child malnutrition. A study done by Miler *et al*. showed that the absence of a mother\'s care interferes with the child\'s nutritional status, but these findings were based on children whose mothers were doing irregular shift duties.\[[@ref33]\] The absence of association in the present study could be due to fewer mothers who had an occupation (11% in both cases and controls).

Immunization against childhood diseases such as tuberculosis, diphtheria, measles, and whooping cough, reduce childhood mortality, and morbidity. Children who develop these diseases suffer from malnutrition as well as impaired cognitive, emotional and social skills.\[[@ref34]\] In a study done in Ethiopia, fully vaccinated children had a higher cause of getting recovered from SAM compared to partially or not vaccinated children.\[[@ref35]\] The current study showed an increase in SAM among those who were partially immunized. This, however, was not statistically significant after adjusting for confounders.

Parents\' having more than one child was shown as a risk factor for SAM in bivariate analysis. This might probably be due to incomplete and divided parental and nutritional support from the parents. In contrast, the single child enjoys undivided parental as well as nutritional support from the entire family. This observation was similar to the findings of the study done in Bangladesh.\[[@ref36]\] In this study, 13% of the cases and only 1.9% of the controls had congenital disorders (*P* = 0.004). This again was not statistically significant after adjusting for confounders.

According to a study done in Bangladesh, illness in the last 2 weeks increases the odds of children developing Malnutrition.\[[@ref36]\] Similarly, in this study, the frequency of SAM was found to be higher among those who were suffering from medical illnesses such as diarrhea, acute respiratory infection (ARI), measles, and chickenpox at the time of the interview. However, the findings were not statistically significant in the logistic regression model. This could be possibly attributed to the practice of reducing oral intake during acute illness. According to the literature, malnourished children were prone to develop common communicable diseases, and therefore, increased hospitalization. Inadequate nutritional supplementation during hospital admission would further worsen the preexisting malnourishment and weight loss.\[[@ref37]\] In this study, the history of hospitalization in the past 6 months was significantly associated with malnutrition in the bivariate analysis but not on multivariate analysis.

Though belonging to the Hindu religion was a protective factor in the bivariate analysis, it was not so in the multiple logistic models. Surprisingly, no statistically significant association was noted between low SES and SAM. This finding was contrary to the conclusions of a study done in Rajasthan, which showed that 82% of underweight children belonged to the low SES group.\[[@ref38]\] This could be due to the public distribution system (PDS) in Tamil Nadu. The Tamil Nadu PDS follows the distribution of staple foods to every household, irrespective of whether they fall below or above the official poverty line.

In Summary, results from the present study confirm that LBW, absence of exclusive breastfeeding, inadequate calorie intake by children, and low BMI of mothers as significant risk factors for the development of SAM among children aged 6--59 months.

Limitation {#sec2-3}
----------

Finding appropriate controls in the community was a major limitation of the study. Apart from that, there may be interviewer bias in the data collection as the interviewer was aware of the nutritional status of the cases and controls before the interview. The majority of the mothers, both cases and controls, had difficulty in recollecting the duration of breastfeeding and the time of initiation of complementary feeds. This could have raised a recall bias in the study. Also, the calorie intake was based on a single 24-h dietary recall and may have subsequently resulted in over-estimation or under-estimation of the actual calorie intake of the children.

Conclusion {#sec1-5}
==========

Having the knowledge of various risk factors of SAM would benefit the primary care physicians and the community health workers to identify the "at-risk" children in the community through screening (based on the risk factor) and help them to address the problem early. Also, various new programs should be implemented to reduce the poor nutritional status of young girls and women in the reproductive age group. The importance of exclusive breastfeeding for the first 6 months, the time of weaning and appropriate feeding practice for the child should be told to the antenatal and postnatal mothers during their hospital visits by the health care provider.
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